Abstract-In order to investigate a putative neurotransmitter function of γ -aminobutyric acid (GABA) in the rat vestibule we chose to study the cellular localization and properties of glutamic acid decarboxylase (GAD), the rate-limiting enzyme for the synthesis of GABA, in the rat ampullary cristae, with respective immunocytochemical and immunoblotting techniques, using an extensively characterized rabbit anti-GAD serum. With these procedures we found a GAD-like immunopositivity in the sensory cells and in fibers of the crista ampullaris stroma. In ampullary cristae homogenates, a GAD composed of at least two subunits (53 and 67 kDa which were present also in rat brain and cerebellum homogenates) was encountered. These findings suggest that GAD present in the rat vestibule is homologous to the brain enzyme and it has the appropriate localization to synthesize GABA to be used as a neurotransmitter in the rat vestibule.
INTRODUCTION
The role of γ -aminobutyric acid (GABA) as a neurotransmitter in mammalian vestibule has been controversial. Some evidence favors its afferent nature; other considers this amino acid as putatively efferent, while others ascribe to it a presynaptic modulatory role. We chose to investigate the presence, cellular localization and properties of glutamic acid decarboxylase (GAD), the rate-limiting enzyme for the synthesis of GABA, as evidence of its participation as vestibular neuromediator. Our model is the pigmented rat vestibule.
Previously, we reported that a homogenate of rat vestibullary cristae presents GAD activity of the same magnitude as that found in a rat brain homogenate when measured in parallel (17.1 and 50 nmol /mg protein /h in the vestibule and brain, respectively) * To whom correspondence should be addressed. (López and Meza, 1990) with putative vestibular hair cell localization (Meza et al., 1996) . These results suggest that GAD could be used in the rat vestibule for GABA synthesis and supports its participation as a neurotransmitter. However, its precise cellular localization and molecular properties are uncertain. Therefore, we investigated the presence of GAD, in vestibullary cristae parafin sections, as well as the molecular entities of which the enzyme is composed in a vestibular cristae homogenate, in respective immunocytochemical and immunoblotting techniques, using an extensively characterized rabbit anti-GAD serum for both procedures (Wu et al., 1986b) . The methodology followed and the results obtained are described. Some of our findings have already been presented in abstract form (Meza et al., 1997) .
METHODS

Immunocytochemistry
Six healthy male young pigmented rats (100 -150 g) were used in this study. They were deeply anesthesized with chloral hydrate (300 mg /kg), and exsanguinated transcardially with 200 ml of isotonic saline solution, followed by 500 ml of 4% paraformaldehyde in 0.1% M sodium cacodylate buffer (pH 7.3) (SCB) (containing 0.01% β-mercaptoethanol) delivered over a 15 min time period. At the end of the perfusion the auditory bullae were opened, and the ampullary cristae were dissected out and post-fixed in the same fixative at 4
• C for 2 h. After post-fixation, the cristae were extensively washed and dehydrated to 100% ethanol, and were embedded in paraffin. They were cut longitudinally (3 µm) and the resulting sections were mounted on gelatin-coated slides. Sections were dewaxed and rehydrated in SCB for 30 min and incubated sequentially in the following solutions: 10% normal goat serum (Vector Laboratories, Burlingame, CA), 0.05% Triton X-100 in SCB for 60 min at 25 • C; GAD antiserum in SCB for 96 h at 4 • C; biotinylated rabbit antigoat IgG (Vector Laboratories) for 2 h at 25 • C; Vectastain reagent (Vector Laboratories) for 60 min at 25 • C; DAB /H 2 O 2 for 5 min at 25 • C. Four rinses of 5 min each with SCB were performed between each incubation. After the peroxidase reaction, the sections were coverslipped with Aqua-polymount (Polysciences, Inc., Warrington, PA) and examined under the light microscope.
Extensively characterized primary antisera against GAD raised in rabbit at a dilution of 1 : 500 was used (Wu et al., 1986b) . Control experiments were run in alternate sections using normal rabbit serum or SCB instead of GAD antiserum (negative control) or the reaction was achieved on transversal sections of the cerebellum of the same animal (positive control). Both controls were run in parallel to the vestibular tissue.
Electrophoresis and immunoblotting (Western blot)
Forty-five microliters (approximately 30 µg protein) of freshly homogenated rat vestibular cristae (from 10 -15 animals) in 10 mM β-mercaptoethanol in 0.5 M Tris (pH 6.8) were sequentially electrophoresed in duplicate in parallel at room temperature (RT) (30 min at 50 V and 75 min at 100 V, respectively) in a 5 -12.5%
